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GEARING FOR A MOTOR VEHICLE, AND
HYBRID DRIVE TRAIN WITH SAMEL

FIELD OF THE INVENTION

The mnvention generally relates to a transmission for a
motor vehicle having an upstream gear set, a main gear set,
a driveshait, an output shaft and at least five shift elements.
The mnvention also relates to a hybrid drivetrain for a motor
vehicle.

BACKGROUND

A transmission refers particularly to a multi-ratio trans-
mission 1n which a multiplicity of gear ratios, that 1s to say
transmission ratios, between the drive shait and the output
shaft are selectable, preferably 1n automatic fashion, by shift
clements. The shift elements are i1n this case for example
clutches or brakes. Such transmissions are used particularly
in motor vehicles for the purposes of suitably adapting the
rotational speed and torque output characteristics of the
drive unit to the driving resistances of the vehicle.

An automatic transmission for a vehicle 1s known from
the publication DE 102 13 820 Al. However, said automatic
transmission does not have an electric machine.

In the prior art, 1t 15 known for an existing automatic
transmission to be supplemented by an electric machine in
order to permit purely electric or hybrid driving operation of
a motor vehicle by the automatic transmission. Normally, a
rotor of the electric machine 1s rotationally fixedly con-
nected to the drive shait for this purpose. The rotor may
however also be connected to a shaft of the automatic
transmission which 1s neither the input nor the output shatt.
By way of example, reference 1s made 1n this regard to the
applicant’s publication DE 10 2007 005 438 Al. However,
according to the teaching of said publication, the electric
machine cannot output or receive power 1n all gear ratios of
said automatic transmission, because said electric machine
1s arranged on the same shaft as a brake of the automatic
transmission.

It 1s also known for the electric machine to be connected
to an existing automatic transmission by a fixed upstream
transmission ratio with respect to the drive shait. By way of
example, reference 1s made 1n this regard to the applicant’s
publication DE 10 2008 040 498 Al, wherein a hybnd
module with a transmission ratio stage 1s provided which 1s
connected upstream of the automatic transmission itself. By
the fixed upstream transmission ratio, the electric machine 1s
configurable for higher rotational speeds and lower torque,
and thus the electric machine has a small structural space
requirement. However, the automatic transmission accord-
ing to the prior art requires an additional planetary gear set
for this purpose, and thus the eflort for constructing the
automatic transmission 1s increased.

SUMMARY OF THE INVENTION

Therefore, the object of the invention i1s to provide a
transmission for a motor vehicle, which transmission has an
integral electric machine with upstream transmission ratio
for providing hybrid-typical functionalities 1n all gear ratios
without unduly increasing the effort in terms of construction.
Furthermore, the transmission should have a simple and
compact design.

The transmission has an upstream gear set, a main gear set
and at least five shift elements, the selective pairwise closure
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2

of which realizes at least eight selectable forward gear ratios
between a drive shait and an output shaft of the transmis-
S1011.

The main gear set has a total of four shafts which are
referred to, 1n the order of their rotational speeds, as first,
second, third and fourth shafts. The four shafts referred to,
in rotational speed order, as first, second, third and fourth
shafts are distinguished by the fact that the rotational speeds
of said shafts linearly increase or decrease in the stated
sequence, or are equal. In other words, the rotational speed
of the first shatt 1s lower than or equal to the rotational speed
of the second shaft. The rotational speed of the second shatt
1s 1n turn lower than or equal to the rotational speed of the
third shaft. The rotational speed of the third shaft 1s lower
than or equal to the rotational speed of the fourth shatt. This
sequence 1s also reversible, such that the fourth shaft has the
smallest rotational speed, whereas the first shaft assumes a
rotational speed higher than or equal to the rotational speed
of the fourth shait. There 1s always a linear relationship
between the rotational speeds of all four shafts. The rota-
tional speed of one or more of the shafts may in this case also
assume negative values, or even the value zero. The rota-
tional speed order therefore always relates to the signed
value of the rotational speeds, and not to the magmtude
thereof.

The upstream gear set 1s configured to provide, at a fifth
shaft, a rotational speed increased relative to the rotational
speed of the drive shaft. There 1s a fixed transmission ratio
between the drive shait and fifth shatt. This may be realized
in a variety of ways, for example by a spur-gear drive or a
planetary gear set.

The fifth shaft 1s connectable to the fourth shaft of the
main gear set by closing the first shift element. The fifth
shaft 15 connectable to the first shaft of the main gear set by
closing the second shiit element. The drive shaft 1s connect-
able to the first shaft of the main gear set by closing the third
shift element. The drive shait 1s connectable to the second
shaft of the main gear set by closing the fourth shift element.
The fourth shaft of the main gear set can be rotationally
fixedly immobilized by closing the fifth shift element, by
connecting the fourth shaft to a housing or to some other
rotationally fixed structural element of the transmission. The
third shaft of the main gear set 1s permanently connected to
the output shait of the transmission.

According to the invention, a rotor of an electric machine
1s permanently rotationally fixedly connected to the fifth
shaft. As a result of this connection, the rotor of the electric
machine rotates at a higher rotational speed than the drive
shaft 1n all gear ratios. Thus, the electric machine 1s con-
figurable for higher rotational speeds and lower torque,
whereby the electric machine 1s smaller and less expensive
to produce. Furthermore, the upstream gear set 1s involved
in the formation of the forward gear ratios. Thus, no addi-
tional gear set 1s required for forming the upstream trans-
mission ratio of the electric machine. Furthermore, the fifth
shaft has a rotational speed in all gear ratios, as will be
presented in more detail further below. The transmission
therefore makes 1t possible for power both to be output and
to be received by the electric machine in all forward gear
ratios.

Furthermore, provision 1s made according to the invention
for the main gear set to be a stepped planetary gear set, on
the carrier of which there are rotatably mounted planet gears
with two eflective diameters of different size. A stepped
planetary gear set with a total of four shaits has either two
sun gears and one ring gear, or two ring gears and one sun
gear. The four shafts are formed by the carrier and by the
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three central gears. The central gears are to be understood to
mean the ring gears and sun gears. A stepped planetary gear
set of said type has a particularly compact construction, and
1s therefore particularly highly suitable for a transmission
with an integrated electric machine. This 1s because the
structural space requirement of the transmission 1s increased
as a result of the inclusion of the electric machine 1n the
transmission. The design of the main gear set as a stepped
planetary gear set 1s suitable for compensating for at least a
part of said increased structural space requirement.

In a first embodiment, the stepped planetary gear set has
a first and a second sun gear and a first ring gear. The first
sun gear meshes by 1ts toothing with the toothing formed on
the larger eflective diameter of the planet gears and 1s a
constituent part of the first shaft of the main gear set. The
second sun gear meshes by its toothing with the toothing
formed on the smaller eflective diameter of the planet gears
and 1s a constituent part of the second shaft of the main gear
set. The carrier 1s a constituent part of the third shait of the
main gear set. The first ring gear meshes by 1ts toothing with
the toothing formed on the larger eflective diameter of the
planet gears and 1s a constituent part of the fourth shaft of the
main gear set. This embodiment 1s particularly advantageous
with regard to the component loading, because the carrier 1s
a summing shaft of the stepped planetary gear set.

In a second embodiment, the stepped planetary gear set
has a first sun gear and a first and a second ring gear. The first
sun gear meshes by 1ts toothing with the toothing formed on
the smaller effective diameter of the planet gears and 1s a
constituent part of the first shait of the main gear set. The
carrier 1s a constituent part of the second shaft of the main
gear set. The first ring gear meshes by 1ts toothing with the
toothing formed on the larger effective diameter of the planet
gears and 1s a constituent part of the fourth shaft of the main
gear set. The second ring gear meshes by 1ts toothing with
the toothing formed on the smaller eflective diameter of the
planet gears and 1s a constituent part of the third shaft of the
main gear set. This embodiment offers a higher level of
flexibility with regard to the arrangement of the output shatt
relative to the drive shaft.

The upstream gear set 1s preferably a planetary gear set,
which has a first element, a second element and a third
clement. The first element 1s a sun gear of the planetary gear
set and 1s permanently rotationally fixedly immobilized. It
the planetary gear set 1s a negative or minus gear set, the
second element 1s a carrier of the planetary gear set and the
third element 1s a ring gear of the planetary gear set. If the
planetary gear set 1s a positive or plus gear set, the second
clement 1s the ring gear of the planetary gear set and the third
clement 1s the carrier of the planetary gear set. The second
clement 1s permanently connected to the drive shaft, whereas
the third element 1s a constituent part of the fifth shaft. As a
result of the upstream gear set being a planetary gear set, the
transmission 1s suitable even for particularly high levels of
power, because a similar spur-gear drive for high levels of
power would be exceptionally heavy.

At least eight forward gear ratios between the drive shaft
and the output shaft are selectable 1n automated fashion
through selective pairwise actuation of the first to fifth shift
clements. The first forward gear ratio 1s formed by closing
the third shift element and the fifth shift element. The second
forward gear ratio 1s formed by closing the second shiit
clement and the fifth shift element. The third forward gear
rat1o 1s formed by closing the fourth shift element and the
fifth shift element. The fourth forward gear ratio 1s formed
by closing the second shift element and the fourth shift
clement. The fifth forward gear ratio 1s formed by closing the

10

15

20

25

30

35

40

45

50

55

60

65

4

third shift element and the fourth shift element. The sixth
torward gear ratio 1s formed by closing the first shift element
and the fourth shift element. The seventh forward gear ratio
1s formed by closing the first shift element and the third shait
clement. The eighth forward gear ratio 1s formed by closing
the first shiit element and the second shiit element. Through
this assignment of the first to fifth shift elements to the
individual forward gear ratios, a transmission ratio series
well-suited to use 1n the motor vehicle 1s achieved with
suitable selection of the fixed carrier transmission ratio of
the planetary gear sets. Furthermore, two adjacent gear
ratios always have a shift element which 1s closed in both of
said gear ratios. Therefore, during a shift process mnto an
adjacent gear ratio, it 1s merely necessary for one shiit
clement which 1s closed to be opened and one shiit element
that 1s open to be closed. This simplifies the shift process and
shortens the shift duration.

The fifth shift element 1s preferably a positively locking
shift element. Positively locking shift elements produce the
connection 1n the closed state by positive locking, and are
characterized by lower drag losses in the open state than
frictionally locking shift elements. For example, the fifth
shift element may be a dog-clutch shift element, which may
also be formed without a synchromizing device. Owing to the
low drag losses 1n the open state, the efliciency of the
transmission 1s further improved, in particular because the
fifth shift element 1s closed only 1n the first to third forward
gear ratios of the motor vehicle. The fifth shift element 1s
therefore predominantly open during the operation of the
transmission 1n the motor vehicle. Since the fifth shaft
clement 1s closed only in the first to third forward gear ratios,
the shift element 1s always opened, and not closed, during
shift processes mnto a higher gear ratio. An opening of a
dog-clutch shift element 1s considerably more straightior-
ward than the closing process, because the claws of the
dog-clutch shift element must firstly engage into the gaps
provided for them 1n the case of closing, whereas the claws
merely have to be placed into a load-iree state 1n the case of
opening.

The transmission preferably has a sixth shift element. The
second shait of the main gear set can be rotationally fixedly
immobilized by closing the sixth shift element, by connect-
ing the second shaft of the main gear set to the housing or
to some other rotationally fixed structural element of the
transmission. The sixth shift element 1s 1n this case open in
all forward gear ratios of the transmaission. The formation of
mechanical reverse gear ratios 1s made possible by the sixth
shift element. In the case of the present transmission, this 1s
necessary only to a limited extent, because a reverse gear
ratio 1s also possible by operation of the electric machine
counter to a preferred direction of rotation and engagement
of one of the forward gear ratios. However, 11 operation of
the electric machine 1s not available, for example owing to
an energy content deficit 1n an energy store, at least one
mechanical reverse gear ratio between the drive shaft and
the output shait can be provided 1n a simple manner by the
sixth shift element.

A first reverse gear ratio 1s realized by closing the third
shift element and the sixth shift element. Alternatively or 1n
addition to this, a second mechanical reverse gear ratio 1s
realized by closing the second shift element and the sixth
shift element. The first reverse gear ratio i1s particularly
advantageous 1n because the third shift element 1s likewise
closed 1n the first forward gear ratio. This simplifies a shait
process between the {first reverse gear ratio and the first
torward gear ratio.




US 10,632,835 B2

S

The sixth shift element 1s preferably a positively locking
shift element. Since operation of the electric machine waill
predominantly be available, a major part of the reverse gear
ratio operation of the motor vehicle 1s coverable by the
clectric machine. The mechanical first and/or second reverse
gear ratio 1s thus required only 1n exceptional situations, as
a result ol which a capability for powershifts between the
forward gear ratios and the mechanical reverse gear ratios 1s
not imperatively necessary. Thus, the driving operation of
the vehicle 1s not restricted 1 the sixth shift element 1s a
positively locking shift element without powershiit capabil-
ity. Furthermore, the design of the sixth shift element as a
positively locking shift element improves the mechanical
elliciency of the transmission, because the sixth shift ele-
ment 1s predominantly open during the operation of the
motor vehicle.

The drive shaft i1s preferably connectable via a seventh
shift element to a connecting shaft of the transmission. The
connecting shait serves as an interface of the transmission
with respect to a drive assembly of the motor vehicle, for
example of an internal combustion engine. Owing to the
selectable connection between drive shaft and connecting
shaft, 1t 1s possible for the output shaft to be driven by the
clectric machine without a connection to the drive assembly
of the motor vehicle. The seventh shift element may be
either a Irictionally locking or a positively locking shiit
clement.

In one embodiment, the transmission has a second electric
machine, the rotor of which 1s permanently rotationally
fixedly connected to the connecting shaft. In this way, an
internal combustion engine connected to the connecting
shaft can also be started with the seventh shift element open,
without having an effect on the drive of the motor vehicle.

The transmission may be a constituent part of a hybrnd
drivetrain of a motor vehicle. The hybrid drivetrain has not
only the transmission but also an internal combustion engine
which 1s connected to the connecting shait of the transmis-
sion, preferably connected in rotationally elastic fashion
through the provision of a torsional vibration damper. The
output shait of the transmission 1s connected to an axle
transmission which 1s connected to wheels of the motor
vehicle. The hybrid drnivetrain permits several drive modes
of the motor vehicle. In an electric driving operating mode,
the motor vehicle 1s driven by the electric machine of the
transmission, wherein the seventh shift element 1s open. In
an 1ternal combustion engine operating mode, the motor
vehicle 1s driven by the internal combustion engine, wherein
the seventh shift element 1s closed. In a hybrid operating
mode, the motor vehicle 1s driven both by the internal
combustion engine and by the electric machine of the
transmission.

A planetary gear set includes a sun gear, a carrier and a
ring gear. On the carrier there are rotatably mounted planet
gears which mesh with the toothing of the sun gear and/or
with the toothing of the ring gear. A minus gear set refers to
a planetary gear set having a carrier on which the planet
gears are rotatably mounted, having a sun gear and having
a ring gear, wherein the toothing of at least one of the planet
gears meshes both with the toothing of the sun gear and with
the toothing of the ring gear, whereby the ring gear and the
sun gear rotate in opposite directions ol rotation when the
sun gear rotates when the carrier 1s fixed. A plus gear set
differs from the minus planetary gear set described imme-
diately above in that the plus gear set has inner and outer
planet gears which are rotatably mounted on the carrier. The
toothing of the mnner planet gears meshes at one side with the
toothing of the sun gear and at the other side with the
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toothing of the outer planet gears. The toothing of the outer
planet gears furthermore meshes with the toothing of the
ring gear. This has the result that, when the carrnier 1s fixed,
the ring gear and the sun gear rotate in the same direction of
rotation.

An electric machine 1s composed at least of a rotationally
fixed stator and of a rotatably mounted rotor and 1s designed
such that, in a motor operating mode, 1t converts electrical
energy 1nto mechanical energy as rotational speed and
torque, and 1n a generator operating mode, 1t converts
mechanical energy into electrical energy as current and
voltage.

A relative movement between two components 1s permit-
ted, or a connection for transmitting a torque 1s produced
between the two components, by shift elements 1n a manner
dependent on a state of actuation. A relative movement 1s to
be understood for example to mean a rotation of two
components, wherein the rotational speed of the first com-
ponent and the rotational speed of the second component
differ from one another. Furthermore, 1t 1s conceivable for
only one of the two components to rotate, while the other
component 1s stationary or rotates in the opposite direction.

A permanent connection refers to a connection between
two elements which exists at all times. Such permanently
connected elements rotate with the same dependency
between their rotational speed at all times. No shift element
can be situated in a permanent connection between two
clements. A permanent connection 1s therefore distinct from
a switchable connection.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be
described 1n detail below on the basis of the attached figures.
The following 1s shown:

FIG. 1 schematically shows a transmission according to a
first exemplary embodiment of the invention;

FIG. 2 shows a rotational speed diagram of the transmis-
sion as per the first exemplary embodiment;

FIG. 3 shows an engagement sequence diagram of the
transmission as per the first exemplary embodiment;

FIG. 4 schematically shows a transmission according to a
second exemplary embodiment of the invention;

FIG. 5 shows a rotational speed diagram of the transmis-
sion as per the second exemplary embodiment;

FIG. 6 shows an engagement sequence diagram of the
transmission as per the second exemplary embodiment; and

FIG. 7 shows a hybrid drivetrain of a motor vehicle.

DETAILED DESCRIPTION

Retference will now be made to embodiments of the
invention, one or more examples of which are shown 1n the
drawings. FEach embodiment 1s provided by way of expla-
nation ol the invention, and not as a limitation of the
invention. For example, features illustrated or described as
part of one embodiment can be combined with another
embodiment to yield still another embodiment. It 1s intended
that the present invention include these and other modifica-
tions and vanations to the embodiments described herein.

FIG. 1 schematically shows a transmission G for a motor
vehicle according to a first exemplary embodiment of the
invention. The transmission G has a drive shatt GW1, an
output shaft GW2, an upstream gear set VRS formed as a
planetary gear set P1, a main gear set HRS formed as a

stepped planetary gear set PS, five shift elements A, B, C, E,
F, and an electric machine EM with a rotationally fixed stator
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S and a rotatable rotor R. The transmission G may optionally
also have a sixth shift element D.

The planetary gear set P1 1s a minus gear set, and has a
first element E11, a second element E21 and a third element
E31. The first element E11 1s a sun gear of the planetary gear
set P1 and 1s permanently rotationally fixedly immobilized
by the sun gear being connected to a housing GG or to some
other rotationally fixed structural element of the transmis-
sion . The second element E21 1s a carrier of the planetary
gear set P1 and 1s permanently connected to the drive shaft
GW1. The third element E31 1s a ring gear of the planetary
gear set P1 and 1s connected to the rotor R of the electric
machine EM. The rotor R and third element E31 are
constituent parts of a fifth shaft WS5.

The stepped planetary gear set PS includes planet gears
PL which have two ellective diameters of different size. A
first sun gear E121 meshes by 1ts toothing with the toothing
formed on the larger effective diameter of the planet gears
PL. A second sun gear E122 meshes by its toothing with the
toothing formed on the smaller eflective diameter of the
planet gears PL. The planet gears PL are rotatably mounted
on a carrier E22. A first ring gear E321 meshes by its
toothing with the toothing formed on the larger effective
diameter of the planet gears PL. The stepped planetary gear
set PS forms the main gear set HRS with its total of four
shafts W1, W2, W3, W4. The first shait W1 1s assigned to
the first sun gear E121. The second shaft W2 1s assigned to
the second sun gear E122. The third shait W3 1s assigned to
the carnier E22. The fourth shaft W4 1s assigned to the first
ring gear E321. Through this assignment of the four shaifts
W1, W2, W3, W4 to the elements of the stepped planetary
gear set PS, the sequence first shait W1, second shaft W2,
third shatt W3 and fourth shaft W4 corresponds to the
rotational speed order thereof.

The first shaft W1 1s connectable by the second shift
clement B to the fifth shaft W5 and by the third shiit element
C to the drive shait GW1. The second shaft W2 1s connect-
able by the fourth shift element E to the drive shaft GW1.
The second shaft W2 can be rotationally fixedly immobi-
lized by the optionally provided sixth shift element D. The
third shaft W3 1s permanently connected to the output shaft
GW2. The fourth shaft W4 1s connectable by the first shiit
clement A to the fifth shatt W5, and can be rotationally
fixedly immobilized by the fifth shift element F. The drive
shaft GW1 may be connectable by a seventh shift element
KO (not illustrated) to a connecting shaft AN (not 1llus-
trated).

The shift elements A, B, C, D, E, F are schematically
illustrated as Irictionally engaging multi-plate shift ele-
ments. This 1s however not to be regarded as restrictive.
Selected shift elements A, B, C, D, E, F may also be
dog-clutch shift elements, in particular the fifth shift element
F and the sixth shift element D. This applies to all exemplary
embodiments.

If the transmission G includes the sixth shift element D,
then the transmission G as per the first exemplary embodi-
ment 15 a so-called front-transverse transmaission. For this
purpose, a toothing i1s formed on the output shaitt GW2,
which meshes with the toothing of a shaft (not 1llustrated)
which 1s arranged axially parallel with respect to the output
shaft GW2. The power of the output shatt GW2 1s trans-
mittable via said shait to wheels DW of a motor vehicle. IT
the transmission G as per the first exemplary embodiment
does not include the sixth shift element D, the transmission
G may be either a front-transverse transmission or a so-
called front-longitudinal transmission. In the case of a

front-longitudinal transmission, the interfaces of drive shatt
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GWI1 and GW2 are arranged at opposite ends of the trans-
mission G, and are arranged coaxially with respect to one
another.

FIG. 2 shows a rotational speed diagram of the first
exemplary embodiment of the transmission G. In said dia-
gram, the rotational speeds of the four shafts W1, W2, W3,
W4 of the main gear set HRS are plotted in the vertical
direction 1n relation to the rotational speed n of the drive
shaft GW1. The maximum occurring rotational speed n of
the drive shaft GW1 1s normalized to the value one. The
rotational speed n-W35 of the shaft W5 1s 1n this case higher
than the rotational speed n of the drive shaft GW1 at all
times. The intervals between the four shatts W1, W2, W3,
W4 of the main gear set HRS arise from the stationary
transmission ratios of the stepped planetary gear set PS. The
figure serves merely for illustrative purposes and 1s not to
scale. Rotational speed ratios belonging to a particular
operating point can be connected by a straight line. The
rotational speed n-Ab of the output shait GW2 is readable
from the third shaft W3.

From the rotational speed diagram illustrated 1n FIG. 2, it
1s clear that the drive shaft GW1 and thus also the fifth shaft
W35 have a non-zero rotational speed 1n all gear ratios. It 1s
therefore possible for power to be output or to be recerved
by the electric machine EM 1n all gear ratios.

FIG. 3 shows an engagement sequence diagram of the
transmission G as per the first exemplary embodiment.
Indicated 1n the rows of the engagement sequence diagram
are eight forward gear ratios G1 to G8 and a first and a
second reverse gear ratio R1, R2, an operating mode GEN
for standstill charging, and a parking lock P. In the columns
of the engagement sequence diagram, a circle indicates
which of the shift elements A, B, C, D, E, F, K0 are closed
in which gear ratio or operating mode. The mode of opera-
tion of the transmission G becomes clear from the engage-
ment sequence diagram in FIG. 3 and the rotational speed
diagram 1n FIG. 2.

The transmission ratios between the drive shatt GW1 and
the output shatt GW2 are illustrated in the upper half of the
engagement sequence diagram. The transmission ratios
between the fifth shait W5 and the output shatt GW2 are
illustrated 1n the lower half of the engagement sequence
diagram. Such transmission ratio series are well-suited to the
use of the transmission G 1n the motor vehicle drivetrain.
The specific transmission ratios arise irom the stationary
transmission ratios of the planetary gear set P1 and of the
stepped planetary gear set PS.

The operating mode GEN 1s suitable for the standstill
charging of the motor vehicle when the motor vehicle 1s at

a standstill. Only the seventh shiit element KO 1s closed,
W'lerem a drive assembly connected to the connecting shaft
AN can drive the electric machine EM. No gear ratio 1s

engaged, whereby no power 1s transmitted to the output shatt
GW2.

I1 both the fifth shift element F and the sixth shift element
D are positively locking dog-clutch shiit elements, a parking
lock P 1s realizable by closing both of said shift elements.
This 1s because, as a result of rotationally fixed immobili-
zation ol two shafts of the main gear set HRS, in this case
immobilization of the second shait W2 and of the fourth
shaft W4, the output shaft W3 1s also rotationally fixedly
immobilized. The fifth and sixth shift element F, D are
preferably formed such that, 1n the de-energized state, they
reliably maintain their shift state.

FIG. 4 schematically shows a transmission G according to
a second exemplary embodiment of the invention. By con-
trast to the first exemplary embodiment, the main gear set
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HRS as the stepped planetary gear set PS has a modified
construction. The stepped planetary gear set PS as per the
second exemplary embodiment has only a single sun gear,
which 1s referred to as the first sun gear E121. The first sun
gear E121 meshes, by 1ts toothing, with the toothing formed
on the smaller eflective diameter of the planet gears PL. For
this purpose, the stepped planetary gear set PS has not only
the first ring gear E321 but also a second ring gear E322,
which meshes by its toothing with the toothing formed on
the smaller effective diameter of the planet gears PL. The
first ring gear E321 furthermore meshes with the toothing
formed on the larger effective diameter of the planet gears
PL.

Through this modified construction of the stepped plan-
ctary gear set PS, the assignment of the shafts W1, W2, W3,
W4 to the elements of the stepped planetary gear set PS 1s
also changed. The first shaft W1 1s assigned to the first sun
gear E121. The second shatft W2 i1s assigned to the carrier
E22. The third shaft W3 1s assigned to the second ring gear
E322. The fourth shaft W4 1s assigned to the first ring gear
E321.

The transmission G of the second exemplary embodiment
1s suitable both for an embodiment as a front-longitudinal
transmission and for an embodiment as a front-transverse
transmission, regardless of whether or not the sixth shift
clement D 1s provided. This 1s because the switchable
connection of the second shaft W2 to the housing GG may,
proceeding from the carrier E22, be arranged between the
two eflective diameters of the planet gears PL. FIG. 4
illustrates by way of example an arrangement with a coaxial
drive and output, that 1s to say an embodiment as a front-
longitudinal transmission.

FIG. 5 shows a rotational speed diagram of the second
exemplary embodiment of the transmission G, which 1is
substantially identical to the rotational speed diagram of the
first exemplary embodiment as illustrated in FIG. 2. It
should be noted that the figure serves merely for i1llustrative
purposes and 1s not to scale.

FIG. 6 shows an engagement sequence diagram of the
transmission G as per the second exemplary embodiment.
Aside from the different transmission ratios, the engagement
sequence diagram 1s 1dentical to the engagement sequence
diagram 1llustrated 1n FIG. 3.

FIG. 7 shows a hybrid drivetrain of a motor vehicle
having a transmission G as per the second exemplary
embodiment. This 1s to be regarded merely as an example.
The hybrid drivetrain could be implemented with any of the
specified exemplary embodiments of the transmission G.
The hybrid drivetrain has an internal combustion engine
VKM which 1s connected via a torsional vibration damper
TS to the connecting shaft AN of the transmission G. The
connecting shaft AN 1s connectable via the seventh shiit
clement K0 to the drive shatt GW1 of the transmission G.
The output shaitt GW2 has a drive connection to an axle
transmission AG. The power acting at the output shaitt GW?2
1s distributed from the axle transmission AG to wheels DW
of the motor vehicle. In the motor operating mode of the
clectric machine EM, electrical power 1s supplied to the
stator S via an inverter (not illustrated). In the generator
operating mode of the electric machine EM, the stator S
supplies electrical power to the inverter.

The transmission G 1illustrated 1n FIG. 7 additionally has
a second electric machine EM2, the rotor of which 1s
rotationally fixedly connected to the connecting shaft AN.
The second electric machine EM2 1s provided optionally.
Through the second electric machine EM, the internal com-
bustion engine VKM can be started even when the seventh
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shift element KO0 1s open. When the seventh shiit element K0
1s closed, the second electric machine EM2 can also con-
tribute to the driver of the motor vehicle. Such a second
clectric machine EM2 may be used in any exemplary
embodiment of the transmission G. The second electric
machine EM2 may also be arranged outside the transmission
G, for example as a belt-type starter-generator on the inter-
nal combustion engine VKM.

Modifications and variations can be made to the embodi-
ments 1llustrated or described herein without departing from
the scope and spirit of the invention as set forth in the
appended claims.

REFERENCE DESIGNATTIONS

G Transmission

GW1 Drive shatt

GW2 Output shatt

AN Connecting shaft

GG Housing,

EM Electric machine

S Stator

R Rotor

VRS Upstream gear set

HRS Main gear set

W1 First shaft

W2 Second shatt

W3 Third shaft

W4 Fourth shaft

W35 Fifth shaft

n Rotational speed of the drive shaft

n-Ab Rotational speed of the output shaft

n-W3 Rotational speed of the fifth shaift

P1 Planetary gear set

E11 First element of the planetary gear set

E21 Second element of the planetary gear set
E31 Third element of the planetary gear set

PS Stepped planetary gear set

E121 First sun gear of the stepped planetary gear set
E122 Second sun gear of the stepped planetary gear set
E22 Carrier of the stepped planetary gear set

PL Planet gears of the stepped planetary gear set
E321 First ring gear of the stepped planetary gear set
E322 Second ring gear of the stepped planetary gear set
A First shift element

B Second shift element

C Third shift element

E Fourth shift element

F Fifth shiit element

D Sixth shift element

KO0 Seventh shiit element

(G1-G8 First to eighth forward gear ratio

R1 First reverse gear ratio

R2 Second reverse gear ratio

GEN Operating mode

P Parking lock

VKM Internal combustion engine

DW Wheels

AG Axle transmission

TS Torsional vibration damper
EM2 Second electric machine

The mvention claimed 1is:

1. A transmission (G) for a motor vehicle, comprising:
a drive shaft (GW1);

an output shait (GW2);

an upstream gear set (VRS); and

a main gear set (HRS),
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wherein the main gear set has a total of four shafts (W1,
W2, W3, W4), the four shafts referred to 1n order of
rotational speeds as a first shait, a second shatt, a third

shaft and a fourth shaft,
wherein the main gear set has first, second, third, fourth

and fifth shift elements (A, B, C, E, F), the selective

pairwise closure of which realizes at least eight select-
able forward gear ratios (G1-G8) between the drive
shaft (GW1) and the output shaft (GW2) of the trans-
mission (G),

wherein the upstream gear set (VRS) 1s configured to
provide a rotational speed at a fifth shaft (WS3S) that 1s
increased relative to a rotational speed of the drive shaft
(GW1) 1n a fixed transmission ratio with respect to the

drive shait (GW1),

wherein the fifth shaft (W5) 1s connectable to the fourth
shaft (W4) by closing the first shift element (A),

wherein the fifth shaft (W5) 1s connectable to the first
shaft (W1) by closing the second shift element (B),

wherein the drive shaft (GW1) 1s connectable to the first
shaft (W1) by closing the third shift element (C),

wherein the drive shaft (GW1) 1s connectable to the
second shaft (W2) by closing the fourth shift element

(E),

wherein the fourth shait (W4) 1s rotationally fixable by
closing the fifth shift element (F),

wherein the third shaft (W3) 1s permanently connected to
the output shait (GW2),

wherein the main gear set (HRS) 15 a stepped planetary
gear set (PS), planet gears (PL) with two eflective
diameters of different size are rotatably mounted on a
carrier (E22) of the stepped planetary gear set (PS), and

wherein the transmission () has an electric motor (EM)
with a rotationally fixed stator (S) and a rotatable rotor
(R), wherein the rotor (R) 1s permanently rotationally
fixedly connected to the fifth shaft (W5).

2. The transmission (G) of claim 1, wherein:

the stepped planetary gear set (PS) has a first and a second
sun gear (E121, E122) and a first ring gear (E321);

the first sun gear (E121) meshes with the larger eflective
diameter of the planet gears (FL) and 1s a constituent
part of the first shait (W1);

the second sun gear (E122) meshes with the smaller

cllective diameter of the planet gears (PL) and i1s a
constituent part of the second shait (W2);

the carnier (E22) 1s a constituent part of the third shaift
(W3); and

the first ring gear (E321) meshes with the larger effective
diameter of the planet gears (PL) and 1s a constituent
part of the fourth shaft (W4).

3. The transmission (G) of claim 1, wherein:

the stepped planetary gear set (PS) has a {first sun gear

(E121) and a first and a second ring gear (E321, E322);

the first sun gear (E121) meshes with the smaller effective
diameter of the planet gears (PL) and 1s a constituent
part of the first shait (W1);

the carrier (E22) 1s a constituent part of the second shafit
(W2);

the first ring gear (E321) meshes with the larger effective
diameter of the planet gears (PL) and 1s a constituent
part of the fourth shaft (W4); and

the second ring gear (E322) meshes with the smaller

cllective diameter of the planet gears (PL) and i1s a

onstituent part of the third shatt (W3).
4. The transmission (G) of claim 1, wherein:
the upstream gear set (VRS) 1s a planetary gear set (P1);
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the planetary gear set (P1) has a first element (E11), a
second element (E21) and a third element (E31);

the first element (E11) 1s a sun gear of the planetary gear
set (P1);

the second element (E21) 1s a carrier of the planetary gear
set (P1) when the planetary gear set (P1) 1s a minus gear
set or 1s a ring gear of the planetary gear set (P1) when
the planetary gear set (P1) 1s a plus gear set;

the third element (E31) 1s the ring gear of the planetary
gear set (P1) when the planetary gear set (P1) is the
minus gear set and 1s the carrier of the planetary gear
set (P1) when the planetary gear set (P1) 1s the plus gear
set; and

the first element (E11) 1s permanently rotationally fixedly
immobilized, wherein the second element (E21) 1s
connected to the drive shaft (GW1) and wherein the
third element (E31) i1s a constituent part of the fifth
shaft (W5).

5. The transmission (G) of claim 1, wherein:

a first forward gear ratio (G1) of the at least eight
selectable forward gear ratios (G1-G8) 15 realized by
closing the third shift element (C) and the fifth shaft
clement (F);

a second forward gear ratio (G2) of the at least eight
selectable forward gear ratios (G1-G8) 1s realized by
closing the second shift element (B) and the fifth shaft
clement (F);

a third forward gear ratio (G3) of the at least eight
selectable forward gear ratios (G1-G8) 15 realized by
closing the fourth shift element (E) and the fifth shait

clement (F);

a fourth forward gear ratio (G4) of the at least eight
selectable forward gear ratios (G1-G8) 15 realized by
closing the second shift element (B) and the fourth shait
clement (E);

a fifth forward gear ratio (G35) of the at least eight
selectable forward gear ratios (G1-G8) 15 realized by
closing the third shift element (C) and the fourth shaft
clement (E);

a sixth forward gear ratio (G6) of the at least eight
selectable forward gear ratios (G1-G8) 1s realized by
closing the first shift element (A) and the fourth shaift
clement (E);

a seventh forward gear ratio (G7) of the at least eight
selectable forward gear ratios (G1-G8) 15 realized by
closing the first shift element (A) and the third shait
clement (C); and

an eighth forward gear ratio (G8) of the at least eight
selectable forward gear ratios (G1-G8) 1s realized by
closing the first shift element (A) and the second shiit
clement (B).

6. The transmission (G) of claim 1, wherein the fifth shift

clement (F) 1s a dog-clutch shift element.

7. The transmission (G) of claim 6, wherein the transmis-
sion (G) has a sixth shift element (D), wherein the second
shaft (W2) 1s rotationally fixable by closing the sixth shift
clement (D), wherein the sixth shift element (D) 1s open 1n
all forward gear ratios (G1-G8).

8. The transmission (G) of claim 7, wherein a first reverse
gear ratio (R1) 1s realized by closing the third shiit element
(C) and the sixth shift element (D).

9. The transmission (G) of claim 7, wherein a second
reverse gear ratio (R2) 1s realized by closing the second shiit
clement (B) and the sixth shift element (D).

10. The transmission (G) of claim 7, wherein the sixth
shift element (D) 1s a dog-clutch shift element, wherein a
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parking lock (P) of the transmission (G) 1s realized by
closing the fifth and the sixth shift elements (F, D).

11. The transmission (G) of claim 1, further comprising a
connecting shait (AN) which 1s connectable by a seventh
shift element (K0) to the drive shatft (GW1). 5

12. The transmission (G) of claim 11, further comprising
a second electric motor (EM2), a rotor of the second electric
motor (EM2) 1s permanently rotationally fixedly connected
to the connecting shaft (AN).

13. A hybrid drivetrain for a motor vehicle comprising the 10
transmission (G) of claim 1.

¥ ¥ # ¥ o
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